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Executive Summary

The approach used by the EPA to assess ozone risks for purposes of standard setting is conceptually

sound.  For example, the appropriate health endpoints in the sensitive populations and the variation in

population response were evaluated.  However, several assumptions regarding risk and exposure, result in

overestimates of potential health impacts, by several-fold, associated with the proposed ozone standards.  This

results in overstating the benefits of the proposed standards.

Some assumptions that result in overestimates of health impacts include:

 The selective use of "chamber studies" in which exercising individuals are exposed
to defined levels of ozone for 6.6 hours.  The studies used had the highest response level to
ozone.  Had other studies been used, the risks would be lower.

 Failure to consider adaptation to ozone.  People become less responsive to ozone with
subsequent exposures. Thus risks are likely to be overstated in cities, such as Los Angeles,
where the ozone levels are high enough during summer to induce adaptation.

 Overestimates of inhalation rates.  The calculation of how much ozone individuals
inhale during exercise is overestimated for several reasons, such as the failure to consider the
impact of different exercise patterns.  If inhalation rates are too high, the fraction of people
with potential impacts from ozone will be too high.

 Overestimates of modeled ozone concentrations.  Recent studies by the American
Petroleum Institute (API), using personal ozone monitors, demonstrate that the personal ozone
exposures predicted by EPA from fixed monitors are too high.

EPA evaluated hospital admissions for asthma associated with ozone exposure.  This analysis is not

appropriate to use for decision-making.  Hospital admissions could be due to pollutants whose concentrations

typically increase when ozone concentrations increase.  In addition, the total number of admissions for asthma,

even if due to ozone, represents a very small fraction (about 1% or less) of total asthma admissions.
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There is much uncertainty in the calculated risks in the different proposed ozone standards.  For

example, predicted risks for these different standards overlap significantly.  Thus, it cannot be said that one

standard provides significant improvements over another standard.

Some recommendations for improvement include the following:  use of the API studies to modify the

exposure estimates; developing an exposure-response relationship using data from studies other than those

which yielded the highest response rates; and characterizing the potential impact of adaptation on attenuating

the response to ozone in cities such as Los Angeles.  (Additional recommendations are in Attachment B.)

In summary, although the approach used by EPA in support of its recommended ozone standards is

conceptually sound, multiple biases in the analysis result in an overall overestimate of the risks and, hence,

an overestimate of the potential benefits.  The uncertainties in the risk assessment preclude conclusions

regarding the benefits of one proposed standard over another
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1 Background
The overall approach that EPA takes when evaluating risks for pollutants under as the National

Ambient Air Quality Standards (NAAQS) is:

 To identify the population of individuals most susceptible to the particular chemical.

 To determine the critical health endpoint(s).  The health endpoint must be an adverse
health effect, rather than a biological response, which may indicate exposure, but not be
medically significant.

 To evaluate the response of the population of interest under different proposed
standards for the particular chemical.

2 Conceptual Approach Used by EPA in Evaluating Proposed

Ozone Standards

In developing the proposed ozone standards, EPA considered several endpoints.  In particular, EPA

focused upon respiratory symptoms, such as pain upon deep inspiration and coughing, and changes in lung

function, such as how much air a person could forcibly exhale in one second.  These endpoints were selected

based on "chamber" studies.  In chamber studies, people are exposed to different levels of ozone and changes

in their respiratory symptoms and lung function are measured.

To evaluate the proposed ozone standards, responses were predicted in individuals exposed to ozone

for different time periods under different conditions of exercise.  Specifically, EPA predicted potential impacts

in individuals who might exercise heavily for one hour or moderately for eight hours.  Consideration of the

eight-hour exposure is relevant since some responses occur at lower ozone concentrations when individuals

are exposed for longer periods of time (i.e., eight hours vs. one hour).

EPA focused on two exposed populations:  children exercising outside and adults working outside

(e.g., landscapers).  Since they are outside, these individuals are more exposed to ozone than the general

population.  Also, because of their higher activity level, they inhale more ozone.
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EPA also considered qualitatively studies in camps in which children were exercising freely and

exposed to air pollutants including ozone.  These studies were used as general support for the exposure-

response relationship derived from the chamber studies.  EPA also evaluated the association between hospital

admissions for asthma and ozone levels.

The number of individuals in the different exposure duration/exercise level categories who might

experience health impacts under different proposed ozone standards was estimated.  To evaluate the number

of individuals affected, EPA used diary studies in which individuals recorded their activity patterns over

several days.  By relating activity patterns with time outside and breathing rates, EPA predicted the number

of individuals who might be exposed under the different proposed ozone standards.

The number of individuals affected were estimated under different proposed ozone standards.  The

standards varied based on ozone concentration, averaging time and number of permitted annual exceedances.

The standards considered were:

Ozone Concentration Averaging Time # of Annual Exceedances

0.10 ppm 1 hr 1

0.12 ppm 1 hr 1

0.07 ppm 8 hr 1

0.08 ppm 8 hr 1

0.08 ppm 8 hr 5

0.09 ppm 8 hr 1

0.09 ppm 8 hr 5

0.10 ppm 8 hr 1

The impact of the proposed standards was compared to the impact of current  (i.e., 1990-1991) ozone levels.

We evaluated several elements of EPA's ozone risk assessment:

 The relationship between exposure and response to ozone
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 The estimation of exposure to ozone under present conditions and under future
proposed standards

 The protectiveness of the different standards, considering in particular uncertainties
in the affects occurring under different standards

3 Exposure-Response Relationship

EPA appropriately focused on lung function changes in children exercising outdoors.  However, EPA

also assumed children would exhibit the same types of respiratory symptoms upon ozone exposure as the adults

in the chamber studies.  This assumption overestimates risks, since children do not show the same degree of

symptoms as adults upon ozone exposure.

Several aspects of EPA's assumptions used to quantify the relationship between ozone exposure and

response result in an overestimate of the risks:

 For the eight-hour exposure-response relationship, EPA used the results of chamber
studies conducted at EPA's laboratory in North Carolina.  These individuals showed an
increased response to ozone, as compared to individuals exposed in chamber studies in other
cities such as Los Angeles.  The reason for the differential response is not established.
However, the chambers in these studies were contaminated with volatile organic compounds
which may have exacerbated the response of the exposed individuals.

 The role of adaptation was not considered.  Individuals adapt to ozone exposure.
That is, their responses become diminished over time with continuing exposure.  EPA did not
consider adaptation in developing exposure-response relationships for individuals residing
in cities such as Los Angeles.  The use of an exposure-response relationship from North
Carolina will overpredict the response of adapted individuals in other cities.

 None of the chamber studies evaluated ozone exposures less than 0.08 ppm.
However, EPA has extrapolated below this concentration to evaluate the exposure-response
relationship.  Such an approach yields significant uncertainties.  Because much of the
predicted risk is a result of exposures to ozone concentrations of less than 0.08 ppm, the risk
estimates are highly uncertain.

 The use of the hospital admission studies to predict health impact (i.e., excess
hospital admissions) under different ozone scenarios is problematical.  Other compounds,
such as sulfates and particulate matter, as well as other factors, might affect hospital
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admissions for asthma.  Thus, it is very difficult to infer any causality between asthma and
exposure to ozone from these studies.  As an example, consider the observation that the
relationship between ozone exposure and hospital admissions for asthma were of greater
magnitude in New York City than in White Plains, NY, despite the fact that the ozone
concentrations were very similar in both cities.  Even if  there is a causal relationship between
hospital admissions and ozone, the fraction of hospital admissions for asthma attributable to
ozone exposure is a very small percent (about 1% or less) of the total admissions for asthma.

4 Exposure

EPA used a multi-faceted model to predict the exposure to individuals under different ozone standards.

The net impact of the modeling was to overestimate predicted ozone exposure.  This assertion is supported by

recent studies in which ozone exposures were actually measured in individuals using personal monitors.  Key

issues include the following:

 EVR, or equivalent ventilation rate, was used to normalize the ventilation rate among
individuals with different body sizes.  To extrapolate from the chamber studies, EPA used
information on the relationship between heart rate and ventilation rate, normalized to EVR,
to estimate how much ozone people might take into their bodies under different ozone
scenarios.  As part of this analysis, EPA used diary studies in which individuals kept diaries
of their activity patterns at.  By estimating the heart rates of individuals under these different
activity patterns, EPA predicted how much ozone people would take into their bodies in
different activities.  However, there are several uncertainties in this relationship between heart
rate and EVR.  For example, the relationship was determined with people using leg-only
exercise.  However, recent studies with individuals using both leg and arm exercise indicate
a different relationship.  Thus relationship between heart rate and EVR will overestimate how
much ozone people take into their bodies under more typical conditions of exercise.  In
addition, the impact of stress or discomfort on heart rate was not considered in determining
the relationship between heart rate and EVR.

 The maximum ventilation rate that was assumed by EPA is higher than what would
typically occur in most of the population of interest.  Very few people could maintain the
maximum EVR volume.

 The procedures used to predict the future ozone concentrations, namely the rollback
procedure, appear to result in a bias several-fold, overpredicting future ozone concentrations
under the different standards.
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 Recent measurements using personal ozone monitors in individuals with different
activity patterns indicate that the ozone concentrations, predicted from fixed monitors, are too
high, by a factor of about two.

 Recent analyses also indicate that there is a negative correlation between vigorous
exercise and higher ozone levels (i.e., the higher ozone levels are, the less people exercise
vigorously or, the lower the ozone levels, the more people exercise vigorously).  Thus much
of the calculated risk is based on individuals exercising heavily at low ozone concentrations
- concentrations where there are no data and hence much uncertainty about the nature of the
exposure-response relationship.

5 Comparison of the Different Standards

The eight hour standard has more biological support than the one-hour standard.  However, the same

degree of protection can be obtained by a one-hour or an eight hour-standard.  For example, the one-hour

standard of 0.12 ppm is virtually equivalent to the 0.09-ppm standard for eight hours in terms of percent of

individuals affected.

There are relatively small to moderate differences when one compares the impact of five exceedances

versus one exceedance per year for the eight-hour averaging time.  This is because much of the response and

risk is a function of ozone concentrations at levels less than the standard.  The five exceedances is a more

appropriate method for evaluating compliance with the standard in that it would be more robust and result in

less "flip-flop" - that is a region going in and out of the attainment on a year-to-year basis.

As noted earlier, there are significant uncertainties in the models that EPA used to predict the future

risk.  Another source of uncertainty is the modeling procedure itself.  Specifically, running the model for a

single scenario will yield different results for different model runs.  This makes it very difficult to distinguish

between the health protectiveness of the different standards.  Thus one cannot readily demonstrate that lower

standards provide much more public health benefit than the higher standards.

6 Recommendations



bdb Gradient Corporation

8
R50597B.DOC

ANYAN COMP8

The scientific foundation of the ozone risk assessment could be improved in several way.  These

include the following:

 Exposure-response relationships should be developed using results from the studies
in addition to those in North Carolina.  The issue of the contamination of the chambers in
North Carolina needs to be resolved.

 The role of adaptation in affecting the responses to ozone in cities such as Los
Angeles needs to be better characterized and quantified as part of the exposure-response
relationship.

 The estimation of EVR under different heart rate conditions needs to be better
quantified considering recent published studies in which heart rate is correlated with
ventilation rate.

 The estimating of future ozone levels using the Rollback procedure needs to be
corrected.

 The results of recent validation studies in which actual ozone exposures were
measured in volunteers needs to be incorporated into the exposure model so that the predicted
exposures are more accurate.

Also, the uncertainties in the risk assessment and their impact on ability to distinguish between the different

studies must be better articulated.  Additional recommendations are provided in Attachment B. 

7 Conclusions

In summary, although the approach used by EPA in support of its recommended ozone standards is

conceptually sound, multiple biases in the analysis result in an overall overestimate of the risks and, hence,

an overestimate of the potential benefits.  The uncertainties in the risk assessment preclude conclusions

regarding the benefits of one proposed standard over another.

Attachments: A. Dr. Beck's Resume
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B. E x e c u t i v e  S u m m a r y  &

Conclusions/Recommendations Chapter from Gradient Report Analysis of

Exposure Response Assessment Used in Support of the Environmental

Protection Agency's Proposed Ozone Standards
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Attachment A Dr. Beck's Resume

BARBARA D. BECK
Principal

AREAS OF EXPERTISE

Risk assessment, exposure assessment, toxicology, metals, inhaled pollutants, soil contaminants, technical support for
litigation.

EDUCATION AND CERTIFICATIONS

Ph.D., Molecular Biology and Microbiology, Tufts University, 1975.

A.B., Biology, Bryn Mawr College, 1968.

Mid-America Course in Toxicology, 1988.

Diplomat, American Board of Toxicology, 1988; recertified, 1993.

PROFESSIONAL EXPERIENCE

1987 - Present GRADIENT CORPORATION, Cambridge, MA
Principal.  Environmental consulting practice includes evaluation of chemical

toxicity, health risk assessment for cancer and non-cancer endpoints, review of animal
toxicology studies, and multi-media assessment of exposure to environmental
chemicals.  Special emphasis on metals and inhaled chemicals.

1985 - Present HARVARD SCHOOL OF PUBLIC HEALTH, Boston, MA
Visiting Lecturer in Toxicology.

1985 - 1987 REGION I ENVIRONMENTAL PROTECTION AGENCY, Boston, MA
Regional Expert in Toxicology and Supervisory Scientist, Air Toxics Staff.

Performed risk assessments for toxic air pollutants.  General staff responsibilities
included air impacts at waste sites, state air toxic programs, and EPA radiation
programs.

1979 - 1985 HARVARD SCHOOL OF PUBLIC HEALTH, Cambridge, MA
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Research Associate in Environmental Science and Physiology and Fellow in
Interdisciplinary Programs in Health.  Developed short-term animal bioassay for
pulmonary toxicants.  Editor and author of monograph on variations in susceptibility
to inhaled pollutants for both cancer and non-cancer endpoints.

1978 - 1979 TUFTS UNIVERSITY SCHOOL OF MEDICINE, Boston, MA
Instructor in Protein Chemistry.  Isolated phagocytosis inhibiting factor from

immunoglobulin of individuals with inherited susceptibility to bacterial infections.

1977 - 1978 HARVARD UNIVERSITY, Cambridge, MA  
Postdoctoral Fellow in Biology.  Researched novel properties of bacterial

protein elongation factor, EF-Tu, relevant to possible role as a structural protein.

1975 - 1976 UNIVERSITY OF MASSACHUSETTS MEDICAL SCHOOL, Worcester, MA
Postdoctoral Fellow in Microbiology.  Isolated and analyzed messenger RNA

from slime molds. Initiated project on elongation factor, EF-Tu.

1968 - 1969 TUFTS UNIVERSITY SCHOOL OF MEDICINE, Boston, MA 
Research Assistant in Molecular Biology and Microbiology.  Performed

genetic and biochemical studies on bacterial lipopolysaccharide.

ACTIVITIES

C Membership Committee, Society of Toxicology, 1997 to present.
C Continuing Education Committee, Society of Toxicology, 1996 - 1997.
C Risk Assessment Task Force, Society of Toxicology, 1996 to present.
C Advisory Committee to Public Health Program, Florida A & M University.
C Chair of Session on Ecological and Human Health Protocols at GRI meeting on Environmentally Acceptable

Endpoints in Soil, Arlington, VA, 1995.
C Session Chair, International Conference on Arsenic, San Diego, CA, 1995.
C Watertown, MA, Board of Health, 1995 - present.  
C Rapporteur 1994.  USEPA Meeting on Risk Assessment for Chemical Mixtures, Research Triangle Park, NC.
C Program Committee, Society of Toxicology, 1993 - 1996.
C Member of Arsenic Task Force, Society for Environmental Geochemistry and Health, 1993 - present.
C Work group on arsenic, Society for Environmental Geochemistry and Health, 1993.
C President, Society of Toxicology, Risk Assessment Specialty Section, 1994 - 1995.
C Vice President, Society of Toxicology, Risk Assessment Specialty Section, 1993 - 1994.
C President, Northeast Chapter of the Society of Toxicology, 1992 - 1993.
C Review committee, EPA Workshop on the Methodology for Deriving National Ambient Water Quality Criteria

for the Protection of Human Health, 1992.
C Consultant to SAB Committee on Hazardous Air Pollutants, 1991.
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C Member of Advisory Committee to EPA on Metal Bioavailability, 1990.
C Member of Advisory Committee to Harvard Center for Risk Analysis, 1990 - 1993.
C Member of Committee on Public Communications, Society of Toxicology, 1990 - 1992.
C Councilor of Inhalation Specialty Section, Society of Toxicology, 1990 - 1992.
C Member of Technical Committee of Council for Health and Environmental Safety of Soils (CHESS),

1988 - Present.
C President, Northeast Chapter of the Society for Risk Analysis, 1987 - 1988.
C EPA Risk Assessment Forum, 1986 - 1987.
C Maine Science Advisory Panel, 1986 - 1990.
C Air Toxics Committee of Northeast States for Coordinated Air Use Management, 1985 - 1987.
C Rhode Island Air Toxics Advisory Committee, 1986 - 1987.
C Massachusetts Visibility/Public Health Index Peer Review Team, 1986.
C Massachusetts Air Toxics Guidelines Review Committee, 1985 - 1988.
C Peer Review Committee, EPA Inhalation RfD Document, 1987.
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PROFESSIONAL ASSOCIATIONS

American Thoracic Society C Society of Toxicology C Northeast Chapter of the Society of Toxicology C Society for Risk
Analysis C New England Chapter of the Society for Risk Analysis C American Association for the Advancement of Science
C Society of Environmental Geochemistry and Health C International Society for Exposure Assessment

PROJECT LIST

Chemical Manufacturers Association:  Review of EPA land disposal regulations Phase IV.  Review of ozone risk assessment
in EPA ozone staff paper.

American Petroleum Institute:  Role of risk assessment and potential cost savings in Superfund remedy selection process.

Midwestern Utility:  Assessment of health risks associated with manufactured gas plant sites. Preparation of risk assessment
manual for typical compounds at these sites.

People's Gas Light & Coke Company; New Jersey Natural Gas; South Jersey Gas Company; Indiana Gas:  Expert witness
testimony regarding the historic understanding of the toxicity of chemicals associated with manufactured gas plant sites for
four separate rate setting cases.

Zinc Corporation of America:  Risk assessment using both environmental and epidemiological data for lead and cadmium
in soil at a Superfund site.

Major Canadian Mining Company:  Evaluation of arsenic exposure at mining/milling site using biological monitoring, risk
assessment for arsenic, and communication with the public and regulatory agencies.

Coors:  Review of dichloroethane toxicology and estimation of permissible level for water exposure.

National Mining Association:  Review of EPA supplemental land disposal regulations Phase IV.

Major Mining Company:  Review of historical toxicological knowledge of lead.

Law Firms Representing Multiple PRPs:  Evaluation of historical uses, and standards and criteria for trichloroethylene.

American Cyanamid:  Development of risk screening process for evaluating potential hazards at international sites as part
of property transfer.

PRP Group at Smelter Site:  Analysis of impact of soil removal activities on lead levels in soil and dust.

EPA, Office of Research and Development:  Development of toxicity data base for inhalation exposure to the Hazardous
Air Pollutants listed under the 1990 Clean Air Act Amendments.

Elf Atochem:  Presentation on uncertainties in arsenic toxicology and risk assessment.
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Cabot Corporation:  Development of health-based sediment removal levels at Superfund site involving multiple industrial
sources.

Major Consumer Product Manufacturer:  Development and application of adult blood lead model to predict blood lead levels
from discontinuous exposures to lead released from a consumer product.

Al-Tech:  Development of risk-based exclusion limit for metals in slag.

Conestoga - Rovers & Associates:  Evaluation of methodologies and assumptions used by EPA and other investigators to
estimate risks from polychlorinated biphenyls in soils and sediments, with particular emphasis on dermal absorption.

Buckman Chemical Company:  Review of toxicity of barium compounds in cost allocation project.

ASARCO:  Monte Carlo air modeling and risk assessment at operating smelter.

Lead Industries Association:  Critique of HUD cost benefit analysis on apartment deleading.

Frilot, Partridge, Kohnke & Clements:  Lead risk assessment for hunting and construction scenarios in recreational area.

Southern Utility:  Evaluation of potential health studies at former MGP site.

Western Utility:  Evaluation of historic understanding of toxicity of chemicals associated with manufactured gas plant sites.

Gardere and Wynne:  Evaluation of potential public health impacts of benzene.

Canadian Mining Company:  Evaluation of exposure to arsenic in tailings.

U.S. Silica:  Evaluation of arsenic exposure in industrial setting.

Major Automobile Manufacturer:  Risk assessment at battery manufacturing facility; assistance in development of sampling
plan.

ELI:  Risk assessment for lead, asbestos, PCBs and other chemicals in soil and water at former brake lining manufacturing
facility.

Nugent, Fitzgerald, McGroarty & McFadden:  Evaluation of potential risks from VOCs in groundwater.

Battery Manufacturing Company:  Development and oversight on sample collection and analysis program for lead exposure,
evaluation of existing blood lead and tooth lead data and application of blood lead model as part of toxic torts case.  Provided
oral deposition testimony.

ARCO/Denver:  Risk assessment support for several major mining-related Superfund sites in the western U.S.  Evaluation
of toxicology, epidemiology, and bioavailability of metals, including lead and arsenic.
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Cyprus/Amax:  Human health risk assessment for arsenic, lead, cadmium, and other metals in soil at mining and milling sites.
Review of other risk assessments.

International Lead Zinc Research and Organization:  Development of probabilistic blood lead model.

Confidential Chemical Manufacturer:  Risk assessment for tin compounds.

Anitec:  Development of work plan for risk assessment and subsequent risk assessment at film manufacturing site.

Marine Shale Processors:  Risk assessment of lead, other inorganics and organic compounds in aggregate produced by
hazardous waste recycling.  Evaluation of risks of air emissions during incineration process.  Provided expert testimony.

Green Mountain Power:  Critique of EPA risk assessment at former manufactured gas plant site.

Atlanta Gas & Light; Washington Natural Gas; South Jersey Gas:  Expert witness support regarding historical knowledge
of toxicology, chemistry, and regulations of chemicals associated with manufactured gas plants in insurance cases involving
cost recovery.

Confidential Canadian Utility:  Non-testifying expert support in civil case regarding historical knowledge of toxicology,
chemistry and regulations of chemicals associated with manufactured gas plants.

Remedial Trust representing Consortium of PRPs:  Evaluation of research plan involving groundwater modeling and
remedial approaches at former manufacturing site.  Evaluation of biomonitoring approaches for metals.

Coalition for Clean Air Act Implementation:  Evaluation of technical issues, including use of composite scores, in 112(g),
trading of hazardous air pollutants.  Quantification of uncertainty in the composite source.

Taft, Stettinius, and Hollister:  Evaluation of risk assessment approach under RCRA at former pesticide manufacturing site,
presently used for other manufacturing processes.

Golden and Mandel:  Review of toxicology of atmospheric sulfuric acid.

Canadian Mining Company:  Arsenic risk assessment at tailings site.  Risk assessment for multiple metals associated with
tailings release at mine in Southeast Asia.

Cement Kiln/Recycled Steel Manufacturer:  Risk assessment support for ongoing operations.

Giant Cement:  Risk assessment support litigation involving ongoing operations.

Howrey and Simon:  Historical review of toxicology of MGP chemicals for Midwestern Utility Co.

Major U.S. Brewery:  Risk assessment for adult workers exposed to lead from paint in soil.
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Gorman, Waszkiewicz:  Litigation support case involving alleged exposure to municipal landfill chemicals.

Horsehead Industries:  Evaluation of multipathway risks associated with slag use.  Critique of EPA Hazardous Waste
Identification Rule.

Confidential Utility Client in Eastern U.S.:  Non-testifying expert support in civil case regarding historical knowledge of
toxicology, chemistry and regulations of chemicals associated with manufactured gas plants.

ARCO/Los Angeles:  Preparation of technical comments on toxicological evaluation and risk assessment used for listing
of lead by Cal EPA as toxic air pollutant.

Confidential Canadian Refiner/Smelter:  Evaluation of proposed remedial action for lead.

Homestake Mining:  Evaluation of risks of lead in soil at concentrate transfer station.

Exide:  Evaluation of risks of lead in soil at smelter and battery crushing sites.

Health Effects Institute:  Assessment of literature on carcinogenicity of inhaled diesel exhaust particulates, especially using
urine mutagenicity.  Review of literature on toxicity of carbon monoxide and effects on individuals with angina.

Davis, Graham & Stubbs:  Evaluation of health risks for metals from a mining/smelting site in the Western US, including
review of metal bioavailability and epidemiology studies.

Consortium of Massachusetts Utilities:  Review of toxicological knowledge of chemicals at manufactured gas plant sites over
time for Massachusetts generic rate setting case.

Chrysler Corporation:  Technical review of toxicological and risk assessment assumptions in hazardous waste regulations
proposed by a state environmental agency.

Ballard Spahr Andrews & Ingersoll:  Critique of agency risk assessment for metals in soil at historic smelter and mining site
in Western U.S.

DyKema & Gossett:  Evaluation of non-cancer risks from alkylphenols in groundwater at a wood tar site, based on structure
activity relationships.  Evaluation of risks from polycyclic aromatic hydrocarbons.

Haley & Aldrich:  Risk assessment for volatile chemicals possibly entering a building, due to site remediation.

Woodard, Hall, & Primm:  Litigation support in toxic tort case involving potential exposure to organic solvents from a
chemical refinery site.

Syntex Corporation:  Critique of Federal Register notice on delisting of incinerator ash from RCRA regulations.  Reviewed
applicability of model to dioxin contaminated ash.  
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U.S. Dept. of Navy:  Risk assessment for volatiles released from waste water treatment plant.

Occidental Petroleum:  Risk assessment for volatile compounds, polycyclic aromatic hydrocarbons, and metals in air, soil,
and water associated with historic refinery operations and with natural gas and petroleum formations.

American Red Cross:  Review of toxicity of new blood bag plasticizer and assessment of potential risks to blood product
recipients.

American Lung Association of Maine:  Technical advice on health effects of criteria and non-criteria air pollutants.  Review
of regulatory packages.

Northeast Status for Coordinated Air Use Management:  Technical assistance in organizing conference on use of bioassays
in evaluating ambient air pollutants and presentation of report on use of short-term pulmonary bioassays in evaluation of
toxicity and potential health effects of urban particulates.

RJR/Nabisco:  General assistance in evaluation of studies on reference and "non-burning" cigarette and in organizing
conferences.  Critique of OSHA risk assessment for environmental tobacco smoke.

ENSAFE:  Risk assessment for metals in soil at U.S. Navy shipyard for RCRA clean closure.

Burns & Levinson/Driscoll, Gillespie, Stanton & Davis:  Litigation support for a toxic torts case involving neurotoxicity and
exposure to industrial solvents.

N.J. Dept. of Environmental Protection:  Site assessment and risk assessment for specialty chemical manufacturing site in
N.J. involving volatile organic chemicals and DDT.

EPA/Mathtech:  Development of work plan to conduct morbidity or mortality study, using readily available data bases, for
high ozone levels experienced in summer of 1988.

Davis, Graham & Stubbs:  Risk assessment for arsenic-contaminated soil.  Assessed human health risks via inhalation and
ingestion and ecological risks to deer populations.

Bridgewater Energy Center:  Review of regulations regarding disposal of incinerator ash.  Also reviewed air emissions from
RDF facilities in comparison with emissions from traditional incinerators.

Massachusetts Attorney General:  Expert witness testimony on the use of risk assessment for the siting of an energy facility.

Colorado Dept. of Law:  Assessment of toxicological studies on nerve gas degradation product.

Region I EPA:  Compilation and review of air toxics monitoring studies in Region I with respect to adequacy in reflecting
human exposure and in identifying relevant sources from a risk perspective.
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Region II EPA:  Evaluation of health sciences issues as part of litigation support at Love Canal for exposure assessment,
toxicology, and risk assessment.

Long, Weinberg, Ansley & Wheeler:  Review of multi-route exposure to wood treating chemicals and potential health effects
for toxic torts case.

Kaye, Scholer, Fierman, Hays & Handler:  Inhalation risk assessment for volatile organic compounds at a landfill in the
Western US. 

General Electric:  Toxicity profiles of chemicals used in plastics production.

Chevron Corporation:  Ecological and human health risk assessment for solvent extracted soils originally contaminated with
petroleum waste, based on potential to contaminate nearby harbor.

Browning Ferris Inc.:  Inhalation risk assessment for chemicals released from existing landfill and from proposed expansion.

Parsons, Behle, & Latimer:  Litigation support for lead and arsenic-contaminated site in western U.S., including critique of
risk assessments and assistance in design and interpretation of epidemiological study.

Budd, Larner, Gross, Rosenbaum, Greenberg & Sade:  Risk assessment for soil contaminated with dioxin at a solvents site
in St. Louis, MO.  Evaluation of acceptable level for dioxin via inhalation and dermal exposure.

Driscoll, Gillespie, Stanton & Davis/Sugarman, Rogers, Barshak & Cohen:  Litigation support in toxic tort case involving
claim of neurological damage associated with exposure to a contaminant in a consumer product.

Sugarman, Rogers, Barshak & Cohen:  Litigation support in case involving benzene exposures.

Keck, Mahin, & Cate:  Litigation support for a law suit involving environmental contamination of wood treatment chemicals.

Gas Research Institute:  Assist in preparation of exposure manual for MGP sites.

Atlantic Environmental/Gas Research Institute:  Development of exposure manual for MGP sites.
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Executive Summary
This report assesses the validity and appropriateness of key health studies and the risk assessment

comprising the scientific basis for the U.S. Environmental Protection Agency’s (EPA’s) proposed change to the

National Ambient Air Quality Standard (NAAQS) for ozone.  The current ozone standard is 0.12 ppm, 1-hour

average, one exceedance per year (meaning that the standard cannot be exceeded on average more than 1 day per

year).  This standard is based on concern for acute respiratory effects reported in many controlled human exposure

studies and animal studies.  EPA proposes to lower the standard to a level in the range of 0.07 - 0.09 ppm ozone,

8-hour average, 1-5 exceedances per year based on concern for acute health effects at low ozone exposures.

The major health concern resulting from ozone exposure is effects to the respiratory system, primarily

a decrease in the forced expiratory volume in one second (FEV ) and subjective symptoms of cough and pain on1

deep inspiration.  The health effects resulting from ozone exposure are seen most readily in exercising adults.

The majority of controlled human studies have been concerned with the effects of various ozone concentrations

in healthy subjects performing either continuous exercise or intermittent exercise.  Controlled human exposure

studies of this type have provided the strongest and most quantifiable concentration-response data on the health

effects of ozone.  As a result of these studies, a large body of data regarding the interaction of ozone concentration,

breathing, and duration of exposure is available.  As reported by EPA in their Criteria Document (1993), the most

salient observations from these studies are (1) ozone concentration is more important than either breathing or

exposure duration in determining pulmonary responses; and (2) normal healthy subjects exposed to ozone

concentrations # 0.12 ppm (the level of the current NAAQS) develop significant reversible, transient decrements

in pulmonary function if breathing intensity and/or duration of exposure are increased sufficiently (i.e., during

exercise).  There is typically a large intersubject variability in physiologic and symptomatic responses to ozone;

with most individuals these responses are reproducible.  EPA judged three health endpoints, all associated with

moderate exercise, to be adverse:  FEV  decrements of equal to or more than 15% for 8-hour exposures, FEV1            1

decrements of equal to or more than 20% for 8-hour exposures, and moderate-to-severe pain on deep inspiration

for 1-hour exposures.
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Ozone was first regulated by EPA in 1971 under a NAAQS primary standard.  The process for revising

a NAAQS standard requires preparation of a "criteria document," which summarizes all relevant scientific

knowledge.  EPA initiated action to update their air quality criteria document for ozone in 1992.  The most recent

version of that document reviewed for this report was issued in December 1993.  EPA drafted a Staff Paper

(August 1995), based on the scientific evidence presented in the Criteria Document.  In addition, EPA conducted

and presented estimates based on a quantitative analysis of human health risk due to ozone exposure for nine

alternative standards.  The analysis consists of two major components:  exposure-response modeling of health

effects from ozone exposure, and a model that quantifies human exposure to ozone.  Exposure-response modeling

was conducted separately for two types of studies:  chamber studies and hospital admission studies.  For hospital

admission studies, Whitfield et al. (1995) modeled the exposure-response relationship of the hospital admissions

for asthmatics in New York City during the summer of 1988 based on a study conducted by Thurston et al.

(1992).  Whitfield et al. (1995) also modeled the exposure-response for nine health effects as characterized in

seven chamber studies

EPA used a separate model - the probability NAAQS exposure model for ozone (pNEM/O ) - to evaluate3

human exposure to ozone.  The pNEM/O  model, which is run on a mainframe computer, takes into account many3

variables.  Although the variables affecting ozone exposure are numerous, they generally fall into two categories:

those affecting ozone level and those affecting activity level of the persons exposed.  Ozone level, in turn, is

impacted by numerous variables such as geographic location, season, temperature, and ventilation/air conditioning

parameters.  Since ozone concentrations also vary during the day, a complex model was developed (primarily by

Ted Johnson) to take into account all of these variables, many of which affect one another.

EPA combined the results of the exposure-response model and the exposure model by calculating

headcount risks.  Headcount risks estimate the number of people that would be adversely affected in a particular

population (e.g., children) given normal movement and activity patterns and given that a particular NAAQS is

just attained in a particular city (p.103, 115 Staff Paper).  Risk estimates were calculated for each acute health

effect separately.  For each city, the number of people potentially affected were estimated for each regimen (e.g.,
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8-hour,  moderate exertion, children, FEV  decrement of greater than or equal to 15%), for each air quality1

scenario.  

EPA's overall approach to assessing exposure to ozone and the exposure-response relationship for ozone

is commendable.  The chamber studies were generally well conducted by qualified scientists and their use as the

basis of the exposure-response modeling is appropriate.  However, EPA appears to have selected the studies with

the largest response rates at the lowest concentrations, which will result in an overestimate of risk.  In addition,

using data based on adults to establish exposure-response relationships for children and adolescents is reasonable

for FEV  decrements but overly conservative for symptoms such as PDI, because children and adolescents do not1

seem to experience such symptoms.  

Additional concerns or limitations include not applying consistent criteria when choosing the chamber

studies, possible contamination of the chambers with volatile organic compounds, and the issue of reduced

response to ozone in adapted subpopulations.  We recommend that the issue of chamber contamination be

resolved and that more representative chamber studies be used to develop the exposure-response relationship.

In addition, we believe that EPA should consider two separate dose-response functions:  one based on the

chamber studies in which an exercise regimen was used; and another based on chamber studies in which the

participants activity pattern (e.g., duration) is similar to the activity levels recorded in the diary studies

The pNEM/O  exposure model is comprehensive and its overall conceptual framework is sound.  It3

allows for interaction between the variables (e.g., temperature and ozone concentration) in addition to taking into

account numerous variables (e.g., EVR, activity patterns, location).  However, it appears to overestimate

exposures and these overestimates should be addressed.  We recommend that EVR be corrected based on new

field studies, and that pNEM/O  be corrected for EVR overestimates as well as other overestimates.3

We considered nine health endpoints evaluated by Whitfield et al. (1995).  In virtually all of these cases,

the exposure-response relationship illustrated in Whitfield et al. (1995) reaches a population response rate of zero
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at 0.08 ppm at 8-hour exposures.  The population response rate at 0.08 ppm for the two other cases is close to

zero.  In view of these results, we conclude that the Staff has not justified the regulation of ozone concentrations

as low as 0.07 ppm.  For most of the health endpoints considered in the Staff Paper as important, the exposure-

response relationships published in Whitfield et al. (1995) indicate population response rates of zero at ozone

concentrations of 0.22 ppm to 0.08 ppm.  Therefore, the data suggest that a threshold exists below which there

is no effect.

Once the exposure issues and the exposure-response relationship are resolved, the selection of a specific

level and number of allowable exceedances is a policy judgment.  Although it was the consensus of the CASAC

Panel that the ranges of concentrations and allowable exceedances by the Agency were appropriate, a number of

Panel members expressed "personal" preferences for the level and number of allowable exceedances (Wolff,

1995).  Of the ten panel members who expressed their opinions, all ten favored multiple allowable exceedances,

three favored a level of 0.08 ppm, one favored the mid to upper range (0.08 - 0.09 ppm), three favored the upper

level (0.09 ppm), one favored 0.09-0.10 ppm range with advisories issued when the 8-hour ozone concentration

was forecasted to exceed 0.07 ppm, and two simply endorsed the range presented by the Agency as appropriate

and stated that the selection should be a policy decision.

Recommendations

Additionally,

 EPA should choose more representative chamber studies, including those that show
adaptation effects, and repeat the analysis using all the chamber studies which meet the selection
criteria. 

 EPA should alter the pNEM/O  model to better estimate EVR, using new field3

estimates.

 EPA should revise the pNEM/O  model to more accurately estimate “true” ozone3

concentrations or revise headcount risks to reflect the overestimate provided by pNEM/O .3
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 EPA should revise the methodology used in the pNEM/O model to rollback ozone3 

concentrations or revise headcount risks to reflect overestimates made by the pNEM/O .3

 EPA should evaluate the impact on health endpoints of short-term adaptation.

 EPA should conduct a sensitivity analysis for Los Angeles comparing response rate
when adaptation is and is not taken into account.

 EPA should resolve the issue of chamber contamination.

We recommend that the regulatory concentration of ozone be chosen from the upper end of the range of ozone

concentrations (0.09 ppm for 8 hours or 0.12 for 1 hour ppm) for several reasons.  The headcount risks at all

concentrations are likely overestimates due overestimates of EVR (not correcting for arm movement and increases

in temperature etc.) and an overestimate of the number of exercisers at higher ozone concentrations; actual ozone

concentrations; and the exposure-response relationship due to chamber contamination, EPA’s choice of studies

(EPA tended to choose the studies with the highest responses), and EPA’s decision not to adjust for adaptation

in cities where this would be expected to occur.  Thus the benefits of attaining the proposed standards are

overstated.  Moreover, the uncertainty in the modeling procedure is such that it is difficult to distinguish between

some of the proposed standards.
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6 Conclusions and Recommendations
In this section we provide detailed conclusions (Section 6.1) and a summary with recommendations

(Section 6.2). 

6.1 Conclusions 

Exposure-Response Analysis

 EPA's use of outdoor children as the most exposed population is reasonable.

 Using exposure-response data representing adult responses to ozone in chamber studies
to estimate the exposure-response of children is uncertain.  However, based on the limited data
available and EPA's analysis, we believe that this approach is reasonable for lung function
decrements, but results in overestimates for symptoms such as PDI.

 Adaptation lowers short-term lung function response rates to ozone.  EPA's analysis is
based on short-term, acute effects, since as stated by EPA, chronic effects have not been
established.  Therefore, the risks for major populations (e.g., Los Angeles) exposed to
concentrations of ozone associated with adaptation are likely overestimated.

 No exposure-response data exist for concentrations under 0.08 ppm.  Extrapolation
below 0.08 ppm is highly uncertain (even more uncertain than portrayed by EPA).

 Most health endpoints have population response rates of zero at 0.08 ppm.  For health
endpoints for which the population response exceeds zero at ozone concentrations below 0.08
ppm, the response rates are very low and often the 90% confidence interval includes 0 at ozone
concentrations below 0.08 ppm.

 EPA's analysis of the hospital admission studies does not justify making the ozone
standard more stringent.

Exposure Analysis
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 The EVR distributions used in the pNEM/O  model are based on problematic data.  The3

major shortcomings result in overestimates of VR.  Calibrations are done primarily with leg
exercise, whereas most recreational exercise and occupational endeavors involve both arm and
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leg exercise.  This results in an overestimation of VR by about 5-8% for the lower ranges of HR
(Adams et al., 1995).  The data used to develop the VR vs. HR relationship do not adequately
account for factors that increase HR without a corresponding increase in VR (e.g., heat stress,
anxiety, excitement), resulting in a likely overestimate of VR.

 The pNEM/O  model is probably a valid technique when used for population exposure3

estimates to current ozone concentrations, but suffers from a serious drawback when used to
assess future ozone scenarios.  The methodology used in the pNEM/O  model to estimate ozone3

concentrations under various regulation scenarios is approximate, with an apparently net positive
bias.  An attempt at validating the ozone adjustment procedure in the pNEM/O  technique3

(Johnson, 1995) showed a significant bias in the ozone adjustment procedure, resulting in
approximately 50% higher ozone concentrations at the 50th percentile of the estimated hourly
ozone concentrations.

 An additional study conducted by Johnson et al. (1996) indicated that the pNEM/O3

model overestimates exposures by a factor of up to 1.7 when the estimates are compared to
monitoring data.

Proposed Standards

 EPA's results show that attaining a 1-hour standard reduces the risk of experiencing
health effects associated with either 1-hour or 8-hour ozone exposures.  Likewise, attaining any
of the alternative 8-hour standards reduces the risk of experiencing health effects associated with
either 8-hour or 1-hour ozone exposures.  Based on these analyses, EPA believes that adequate
reductions in risks from both 1-hour and 8-hour effects can be achieved through a primary
standard with an averaging time of either 1 or 8 hours.  

 Based on the risk analyses for lung function decrements, respiratory symptoms, and
excess hospital admissions, there appears to be only a small to modest difference in the median
risk estimates between just attaining a 1 expected and 5 expected exceedance 8-hour standard
when the level is set at 0.08 or 0.09 ppm.  

 For most of the nine health endpoints considered in the Staff Paper to be important, the
exposure-response relationships published in Whitfield et al. (1995) indicate population
response rates of zero at ozone concentrations below 0.08 ppm.  Hence, reducing the maximum
allowed concentration from 0.08 to 0.07 ppm has no effect on the headcount risk for these
endpoints.  Thus EPA has not justified a 0.07 ppm standard.
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 We recognize that an 8-hour averaging time may be better than a 1-hour average time
based on biological responsiveness.  However, based on the headcount risks, one can get almost
the same risks regardless of whether an 8-hour or 1-hour averaging time is used depending on
the ozone concentration chosen.  For example, as shown in Table 5-1 the risks (with one
expected exceedance) are virtually identical for 0.12 ppm ozone with a 1-hour averaging time
and 0.09 ppm ozone with an 8-hour averaging time.

 Since the standard with 5 expected exceedances is more robust and will result in fewer
areas going in and out of attainment (flip-flopping), we believe that the 5-expected exceedance
is a better choice. 

 The health endpoints included moderate-to-severe symptoms experienced during heavy
exertion in response to an acute ozone exposure and moderate-to-severe symptoms experienced
during moderate exertion in response to extended ozone exposure.  In virtually all of these cases,
the exposure-response relationship illustrated in Whitfield reaches a population response rate
of zero.  The population response rate at 0.07 ppm for the two other cases is close to zero.  In
view of these results, we conclude that the Staff Paper has not justified the potential regulation
of ozone to concentrations as low as 0.07 ppm based on symptoms.

 The hospital studies are too uncertain to use as a basis for making the ozone standard
more stringent.

6.2 Summary and Recommendations

EPA's overall approach to assessing exposure to ozone and the exposure-response relationship for ozone

is commendable.  The chamber studies were generally well conducted by qualified scientists and their use as the

basis of the exposure-response modeling is appropriate.  However, EPA appears to have selected the studies with

the largest response rates at the lowest concentrations, which will result in an overestimate of risk.  In addition,

using data based on adults to establish exposure-response relationships for children and adolescents is reasonable

for FEV  decrements but overly conservative for symptoms such as PDI, because children and adolescents do not1

seem to experience such symptoms.  

Additional concerns or limitations include not applying consistent criteria when choosing the chamber

studies, possible contamination of the chambers with volatile organic compounds, and the issue of reduced
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response to ozone in adapted subpopulations.  We recommend that the issue of chamber contamination be

resolved and that more representative chamber studies be used to develop the exposure-response relationship.

In addition, we believe that EPA should consider two separate dose-response functions:  one based on the

chamber studies in which an exercise regimen was used; and another based on chamber studies in which the

participants activity pattern (e.g., duration) is similar to the activity levels recorded in the diary studies.

The pNEM/O  exposure model is comprehensive and its overall conceptual framework is sound.  It3

allows for interaction between the variables (e.g., temperature and ozone concentration) in addition to taking into

account numerous variables (e.g., EVR, activity patterns, location).  However, it appears to overestimate

exposures and these overestimates should be addressed.  We recommend that EVR be corrected based on new

field studies, and that pNEM/O  be corrected for EVR overestimates as well as other overestimates (e.g., rollback3

of ozone concentrations).

We considered nine health endpoints evaluated by Whitfield et al. (1995).  In virtually all of these cases,

the exposure-response relationship illustrated in Whitfield et al. (1995) reaches a population response rate of zero

at 0.08 ppm at 8-hour exposures.  The population response rate at 0.08 ppm for the two other cases is close to

zero.  In view of these results, we conclude that the Staff has not justified the regulation of ozone concentrations

as low as 0.07 ppm.  For most of the health endpoints considered in the Staff Paper as important, the exposure-

response relationships published in Whitfield et al. (1995) indicate population response rates of zero at ozone

concentrations of 0.22 ppm to 0.08 ppm.

Once the exposure issues and the exposure-response relationship are resolved, the selection of a specific

level and number of allowable exceedances is a policy judgment.  Although it was the consensus of the CASAC

Panel that the ranges of concentrations and allowable exceedances by the Agency were appropriate, a number of

Panel members expressed "personal" preferences for the level and number of allowable exceedances (Wolff,

1995).  Of the ten panel members who expressed their opinions, all ten favored multiple allowable exceedances,

three favored a level of 0.08 ppm, one favored the mid to upper range (0.08 - 0.09 ppm), three favored the upper
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level (0.09 ppm), one favored 0.09-0.10 ppm range with advisories issued when the 8-hour ozone concentration

was forecasted to exceed 0.07 ppm, and two simply endorsed the range presented by the Agency as appropriate

and stated that the selection should be a policy decision.

Recommendations

 EPA should choose more representative chamber studies, including those that show
adaptation effects, and repeat the analysis using all the chamber studies which meet the selection
criteria.

 EPA should alter the pNEM/O  model to better estimate EVR, using new field3

estimates.

 EPA should revise the pNEM/O  model to more accurately estimate “true” ozone3

concentrations or revise headcount risks to reflect the overestimate provided by pNEM/O .3

 EPA should revise the methodology used in the pNEM/O model to rollback ozone3 

concentrations or revise headcount risks to reflect overestimates made by the pNEM/O .3

 EPA should evaluate the impact on health endpoints of short-term adaptation.

 EPA should conduct a sensitivity analysis for Los Angeles comparing response rate
when adaptation is and is not taken into account.

 EPA should resolve the issue of chamber contamination.

 We recommend that the regulatory concentration of ozone be chosen from the upper
end of the range of ozone concentrations (0.09 ppm for 8 hours or 0.12 for 1 hour ppm) for
several reasons.  The headcount risks at all concentrations are likely overestimates due
overestimates of EVR (not correcting for arm movement and increases in temperature etc.) and
an overestimate of the number of exercisers at higher ozone concentrations; actual ozone
concentrations; and the exposure-response relationship due to chamber contamination, EPA’s
choice of studies (EPA tended to choose the studies with the highest responses), and EPA’s
decision not to adjust for adaptation in cities where this would be expected to occur.  Thus the
benefits of attaining the proposed standards are overstated.  Moreover, the uncertainty in the
modeling procedure is such that it is difficult to distinguish between some of the proposed
standards.
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